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Abstract Since the LHCb collaboration announced the
observation of the doubly charmed baryon �++

cc , a series
of studies of doubly heavy baryons have been presented. In
this work, I analyse the non-leptonic weak decays of doubly
heavy baryons �bc and �bc under the flavor SU (3) symme-
try. I mainly focus on the W -exchange diagrams, which will
contribute to the decay channels with final states are light
meson and light baryon. These channels would be helpful
for searching for �bc and �bc at LHC. And these channels
and relations of corresponding decay widths could be exam-
ined by the future experimental facilities such as LHC, Belle
II and CEPC.

1 Introduction

Quark model [1–4] has predicted the existence of doubly
heavy baryons, while experimentally search for these states
has been for a long time [5–13]. In 2017, the LHCb collabo-
ration has announced the observation of the doubly charmed
baryon �++

cc with mass m�++
cc

= (3621.40 ± 0.72 ± 0.27 ±
0.14)MeV via the weak decay �++

cc → �+
c K

−π+π+ [14].
There is no doubt that this landmark discovery will make a
substantial impact on both theoretical and experimental sides.
Based on this, more experimental observations of the weak
decays of doubly heavy baryons are expected, and in the
meanwhile, more theoretical and phenomenological efforts
are also needed.

The flavor SU (3) symmetry is an effective way to deal
with the exclusive decays of hadrons, especially for heavy
mesons [15–19] or heavy baryons [20–34], which are difficult
to analyse through the factorization theorem (Refs. [35–42]
for heavy mesons and Refs. [32,43–50] for baryons). This
method provides an opportunity to obtain the informations
(such as branching fractions, decay widths, etc.) of a series
of decay channels once one or a few of them be measured.

a e-mail: zhangqa@ihep.ac.cn

And if enough experimental data are available, we can extract
the SU (3) irreducible amplitudes, and check them with the
results calculated in other approaches such like factorization
[48,51–58]. Moreover, we can introduce several nonpertur-
bative parameters to describe the amplitudes and phases in
the SU (3) irreducible amplitudes, global fit these parameters
by the measured data, and then we can make predictions for
decay widths, CP violations of relevant channels. Therefore,
we will use the flavor SU (3) symmetry method to investigate
the non-leptonic weak decays of doubly heavy baryon �bc

and �bc.
This work is an extension and supplement of a series of

previous work. References [22] and [59] have analysed the
weak decay of doubly heavy baryons �cc,bc,bb and �cc,bc,bb

respectively, and presented the decay amplitudes and rela-
tions of decay width for the semi-leptonic and non-leptonic
processes. Beyond that, theW -exchange diagrams, which are
not covered in the previous papers, will be considered in this
work. These diagrams are mainly contribute to the channels
whose final-state is a light meson and a light baryon. The
contributions from the SU (3) singlet η1 and φ are also con-
sidered. In addition, a number of relevant literatures about
the weak decays of doubly and triply heavy baryons is listed
here: [23,60–63].

The rest of this paper is organized as follows: A briefly
review of the presentations for various hadrons in flavor
SU (3) symmetry will be presented in Sect. 2. In Sect. 3,
I will analyse the W -exchange cases for the �bc and �bc

decays, and list the decay amplitudes for each decay modes.
In Sect. 4, I will list the golden channels which can be used
to discover the corresponding doubly heavy baryons. And a
short summary will be presented in the last section.

2 Particle multiples

In this section, I will begin with a brief review of the represen-
tations for hadron multiplets under the flavor SU (3) group.
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Doubly heavy baryons �bc and �bc can form an SU (3) triplet
Tbc = (

�+
bc(bcu), �0

bc(bcd), �0
bc(bcs)

)T with the quantum
number of total spin and parity J P = 1/2+.

The light baryons form an SU (3) octet and a decuplet,
with the expression of the octet

T8 =

⎛

⎜⎜
⎜
⎝

1√
2
�0 + 1√

6
�0 �+ p

�− − 1√
2
�0 + 1√

6
�0 n

�− �0 −
√

2
3�0

⎞

⎟⎟
⎟
⎠

,

(1)

and the decuplet which is symmetric in SU (3) flavor space:

(T10)
111 = 	++,

(T10)
112 = (T10)

121 = (T10)
211 = 1√

3
	+,

(T10)
222 = 	−,

(T10)
122 = (T10)

212 = (T10)
221 = 1√

3
	0,

(T10)
113 = (T10)

131 = (T10)
311 = 1√

3
�′+,

(T10)
223 = (T10)

232 = (T10)
322 = 1√

3
�′−,

(T10)
123 = (T10)

132 = (T10)
213 = (T10)

231

= (T10)
312 = (T10)

321 = 1√
6
�′0,

(T10)
133 = (T10)

313 = (T10)
331 = 1√

3
�′0,

(T10)
233 = (T10)

323 = (T10)
332 = 1√

3
�′−,

(T10)
333 = �−. (2)

For the light mesons, pseudoscalar mesons form an SU (3)

singlet M (P)
1 = η1 and an octet expressed as

M (P)
8 =

⎛

⎜⎜
⎝

1√
2
π0 + 1√

6
η8 π+ K+

π− − 1√
2
π0 + 1√

6
η8 K 0

K− K̄ 0 − 2√
6
η8

⎞

⎟⎟
⎠ .

(3)

In particular, it should be noticed that there exists mixing
between the flavor eigenstate (η1, η8)

T and the physical state
(η, η′)T if the flavor SU (3) symmetry is broken, while we
do not take this into account in this work.

Similarly, the light vector meson singlet and octet can be
written as M (V )

1 = φ and

M (V )
8 =

⎛

⎜
⎜
⎝

1√
2
ρ0 + 1√

6
ω ρ+ K ∗+

ρ− − 1√
2
ρ0 + 1√

6
ω K ∗0

K ∗− K̄ ∗0 − 2√
6
ω

⎞

⎟
⎟
⎠ . (4)

3 Non-leptonic �bc and �bc decays

The weak decays of the mixed doubly heavy baryons �bc

and �bc can be categorized as three cases: charm and bot-
tom quark decays, and W -exchange between the charm and
bottom quarks. The quark-level transitions of b and c quark
decays are

c → dd̄u, c → ds̄u, c → sd̄u, c → ss̄u,

b → cc̄d/s, b → cūd/s, b → uc̄d/s, b → q1q̄2q3,

(5)

with q1,2,3 being light quarks. At hadron level, we can obtain
the �bc and �bc decay channels from �cc and �cc decays
with the replacement of Tcc → Tbc, Tc → Tb and D → B,
and from �bb and �bb decays with Tbb → Tbc, Tb → Tc and
B → D. Therefore, it is easy to obtain the results for b and
c quark decay channels from Ref. [22] and not necessary to
repeat them here.

For the W -exchange channels, the effective Hamiltonian
of the bc → uq transition is

He f f = GF√
2
VubV

∗
cq [C1O1 + C2O2] + h.c., (6)

where q = d, s and Vub, Vcq are CKM matrix elements.
Oi (i = 1, 2) is a four-quark operator in the quark-level
effective Hamiltonian and Ci is the corresponding Wilson
coefficient. The specific forms of the four-quark operators
are O1 = ūαγ μ(1 − γ5)bβ q̄βγμ(1 − γ5)cα and O2 =
ūαγ μ(1 − γ5)bα q̄βγμ(1 − γ5)cβ , with the color indices α

and β. The transformation of the operators under the flavor
SU (3) symmetry as 3 ⊗ 3 = 6 ⊕ 3̄, so the light quarks
form the 3̄ and 6 representations. The anti-symmetric tensor
H ′′

3̄
and the symmetric tensor H6 have the following nonzero

components

(H ′′
3̄
)[12] = −(H ′′

3̄
)[21] = VubV

∗
cd , (7)

(H6)
{12} = (H6)

{21} = VubV
∗
cd (8)

and

(H ′′
3̄
)[13] = −(H ′′

3̄
)[31] = VubV

∗
cs, (9)
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Fig. 1 Feynman diagrams for W -exchange. The first three diagrams
exhibit that light meson SU (3) octet in the final state while the last one
shows the SU (3) singlet. If the final state u quark replaced by c, these

diagrams will contribute to an SU (3) triplet, and have been contained
in the b → q1q̄2q3 cases. So that will not be covered again here

(H6)
{13} = (H6)

{31} = VubV
∗
cs (10)

for the transitions bc → ud and bc → us, respectively.
Feynman diagrams for these processes are given in Fig. 1, one
should notice that the final states only contain light quarks.
Thus at hadron level, the final state should be a light baryon
and a light meson.

3.1 Decays into a light octet baryon and a light meson

If the light baryon in the final state is octet, the effective
Hamiltonian at hadron level can be constructed as

He f f = a1(Tbc)
iεi jk(T 8)

k
l M

j
n (H ′′

3̄
)[ln]

+ a2(Tbc)
iεi jk(T 8)

k
l M

l
n(H

′′
3̄
)[ jn]

+ a3(Tbc)
nεi jk(T 8)

k
l M

i
n(H

′′
3̄
)[ jl]
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iεi jk(T 8)

k
l M

j
n (H6)

{ln}

+ a5(Tbc)
iεi jk(T 8)

k
l M

l
n(H6)

{ jn}

+ a6(Tbc)
nεi jk(T 8)

k
l M

i
n(H6)

{ jl}

+ a7(Tbc)
iεi jk(T 8)

k
l (H

′′
3̄
)[ jl]Mn

n

+ a8(Tbc)
iεi jk(T 8)

k
l (H6)

{ jl}Mn
n , (11)

in which the coefficients a1∼8 are SU (3) irreducible ampli-
tudes. a1∼6 denote the channels with final state mesons are
SU (3) octet, whose Feynman diagrams correspond with the
first three diagrams in Fig. 1, and a7∼8 denote the SU (3)

singlet cases and relevant to the last diagram.
Decay amplitudes for different channels are obtained

by expanding the above Hamiltonian and are collected in
Table 1. From these amplitudes, we can find the relations for
the decay width in the SU (3) limit:

�(�+
bc → �0π+) = 2�(�0

bc → �0π0),

�(�+
bc → �0π+) = �(�+

bc → �+π0),

�(�0
bc → �+K−) = 2�(�0

bc → �0 K̄ 0),

�(�0
bc → �−π+) = 2�(�0

bc → �0π0),

�(�+
bc → �+η1) = �(�0

bc → �0η1)

= −√
2�(�0

bc → �0η1). (12)

It should be noted that above relations for decay widths are
only applicable under the flavor SU (3) symmetry, in which
the mass differences between final state hadrons have been
ignored. And these results will be modified when considering
the kinematic corrections of the final phase space.

Except for the light pseudoscalar meson, we also investi-
gated the light vector meson in the final state. Pseudoscalar
meson and vector meson have the same quark constitutions,
but with different quantum numbers. They have same effec-
tive Hamiltonian in Eq. (11), so we can easily get the decay
amplitudes for light baryon and vector meson by replacing
the final state mesons π → ρ, K → K ∗ and η → ω.
The decay amplitudes for corresponding channels are listed
in Table 2, with the following relations for decay width in
SU (3) limit:

�(�+
bc → �0ρ+) = 2�(�0

bc → �0ρ0),

�(�0
bc → �+K ∗−) = 2�(�0

bc → �0 K̄ ∗0),

�(�0
bc → �−ρ+) = 2�(�0

bc → �0ρ0),

�(�+
bc → �0ρ+) = �(�+

bc → �+ρ0),

�(�+
bc → �+φ) = �(�0

bc → �0φ)

= −√
2�(�0

bc → �0φ). (13)

3.2 Decays into a light decuplet baryon and a light meson

The effective Hamiltonian for the decays of �cc and �cc into
a light decuplet baryon and a light meson can be written as

He f f = b1(Tbc)
i (T 10)i jkM

k
l (H ′′

3̄
)[kl]

+ b2(Tbc)
i (T 10)i jkM

k
l (H6)

{kl}

+ b3(Tbc)
l(T 10)i jkM

l
i (H6)

{ jk}

+ b4(Tbc)
i (T 10)i jkM

l
l (H6)

{ jk}, (14)
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Table 1 Amplitudes for �bc and �bc decays into a light baryon (octet) and light pseudoscalar meson

Channel Amplitude Channel Amplitude

�+
bc → �0π+ − 1√

6
(2a1 − a2 − a3 + 2a4 + a5 − 3a6) VubV ∗

cs �+
bc → �0K+ − 1√

6
(a1 − 2a2 − 2a3 + a4 + 2a5) VubV ∗

cd

�+
bc → �+π0 1√

2
(a2 + a3 − a5 − a6) VubV ∗

cs �+
bc → �+K 0 (a1 − a4) VubV ∗

cd

�+
bc → �+η8 − 1√

6
(2a1 − a2 − a3 − 2a4 + a5 + a6) VubV ∗

cs �+
bc → �0π+ − 1√

2
(a2 + a3 − a5 − a6) VubV ∗

cs

�+
bc → �0K+ 1√

2
(a1 + a4 − 2a6) VubV ∗

cd �+
bc → pπ0 1√

2
(a1 − a2 − a3 − a4 + a5 + a6) VubV ∗

cd

�+
bc → pK̄ 0 − (a1 − a4) VubV ∗

cs �+
bc → pη8 − 1√

6
(a1 + a2 + a3 − a4 − a5 − a6) VubV ∗

cd

�+
bc → nπ+ (a1 − a2 − a3 + a4 + a5 − a6) VubV ∗

cd �+
bc → �0K+ − (a1 − a2 − a3 + a4 + a5 − a6) VubV ∗

cs

�0
bc → �0π0 1

2
√

3
(2a1 − a2 − a3 + 2a4 + a5 − 3a6) VubV ∗

cs �0
bc → �0K 0 − 1√

6
(a1 − 2a2 − 2a3 − a4 − 2a5) VubV ∗

cd

�0
bc → �0η8

1
6 (4a1 − 5a2 + a3 − 3a5 + 3a6) VubV ∗

cs �0
bc → �+π− (a3 − a6) VubV ∗

cs

�0
bc → �0π0 − 1

2 (a2 − a3 − a5 + a6) VubV ∗
cs �0

bc → �0K 0 − 1√
2

(a1 − a4 + 2a6) VubV ∗
cd

�0
bc → �0η8

1
2
√

3
(2a1 − a2 − a3 − 2a4 + a5 + a6) VubV ∗

cs �0
bc → �−π+ − (a2 − a5) VubV ∗

cs

�0
bc → �−K+ (a1 + a4) VubV ∗

cd �0
bc → pπ− (a1 − a2 − a3 − a4 − a5 + a6) VubV ∗

cd

�0
bc → pK− (a1 − a2 − a4 − a5) VubV ∗

cs �0
bc → nπ0 − 1√

2
(a1 − a2 − a3 + a4 − a5 − a6) VubV ∗

cd

�0
bc → nK̄ 0 − (a2 + a5) VubV ∗

cs �0
bc → nη8 − 1√

6
(a1 + a2 + a3 + a4 + a5 + a6) VubV ∗

cd

�0
bc → �−K+ (a1 − a2 + a4 + a5) VubV ∗

cs �0
bc → �0K 0 (a3 + a6) VubV ∗

cs

�0
bc → �0π0 1√

3
(a4 − a5) VubV ∗

cd �0
bc → �0 K̄ 0 1√

6
(a1 + a2 + a3 − a4 + a5 + 3a6) VubV ∗

cs

�0
bc → �0η8

1
3 (a1 + a2 − 2a3) VubV ∗

cd �0
bc → �+π− − (a1 − a2 − a4 − a5) VubV ∗

cd

�0
bc → �+K− − (a1 − a2 − a3 − a4 − a5 + a6) VubV ∗

cs �0
bc → �0π0 − (a1 − a2) VubV ∗

cd

�0
bc → �0 K̄ 0 1√

2
(a1 − a2 − a3 − a4 − a5 + a6) VubV ∗

cs �0
bc → �0η8 − 1√

3
(a4 + a5 − 2a6) VubV ∗

cd

�0
bc → �−π+ − (a1 − a2 + a4 + a5) VubV ∗

cd �0
bc → pK− − (a3 − a6) VubV ∗

cd

�0
bc → nK̄ 0 − (a3 + a6) VubV ∗

cd �0
bc → �−π+ − (a1 + a4) VubV ∗

cs

�0
bc → �−K+ (a2 − a5) VubV ∗

cd �0
bc → �0π0 1√

2
(a1 + a4) VubV ∗

cs

�0
bc → �0K 0 (a2 + a5) VubV ∗

cd �0
bc → �0η8

1√
6

(a1 − 2a2 − 2a3 + a4 − 2a5 − 2a6) VubV ∗
cs

�+
bc → �+η1 (a7 − a8) VubV ∗

cs �+
bc → pη1 − (a7 − a8) VubV ∗

cd

�0
bc → �0η1

1√
6

(a7 + 3a8) VubV ∗
cs �0

bc → �0η1 − 1√
2

(a7 − a8) VubV ∗
cs

�0
bc → nη1 − (a7 + a8) VubV ∗

cd �0
bc → �0η1

√
2
3a7VubV ∗

cd

�0
bc → �0η1 −√

2a8VubV ∗
cd �0

bc → �0η1 (a7 + a8) VubV ∗
cs

in which b1∼3 denote the cases final state mesons are SU (3)

octet while b4 denotes the singlet cases. The corresponding
Feynman diagrams have been exhibited in Fig. 1.

Expanding the above Hamiltonian, we will obtain the
decay amplitudes in Table 3, which leads to the following
relations of the decay width:

�(�0
bc → �′−π+) = �(�0

bc → �′−K+)

= �(�0
bc → �′−π+)

= 2�(�0
bc → �′0π0)

= 1

3
�(�0

bc → �−K+),

�(�0
bc → �′−K+) = �(�0

bc → �′−K+)

= �(�0
bc → �′−π+)

= 1

3
�(�0

bc → 	−π+),

�(�+
bc → �′+K 0) = �(�0

bc → �′0K 0)

= �(�0
bc → �′+π−)

= 1

3
�(�+

bc → 	++π−),

�(�+
bc → 	+ K̄ 0) = �(�0

bc → 	+K−)

= �(�0
bc → 	0 K̄ 0)

= 1

3
�(�+

bc → 	++K−),

�(�+
bc → �′+π0) = �(�+

bc → �′0π+)

= 1

2
�(�+

bc → �′0K+),

�(�+
bc → �′0K+) = 1

2
�(�+

bc → 	0π+),
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Table 2 Amplitudes for �bc and �bc decays into a light baryon (octet) and light vector meson

Channel Amplitude Channel Amplitude

�+
bc → �0ρ+ − 1√

6
(2a1 − a2 − a3 + 2a4 + a5 − 3a6) VubV ∗

cs �+
bc → �0K ∗+ − 1√

6
(a1 − 2a2 − 2a3 + a4 + 2a5) VubV ∗

cd

�+
bc → �+ρ0 1√

2
(a2 + a3 − a5 − a6) VubV ∗

cs �+
bc → �+K ∗0 (a1 − a4) VubV ∗

cd

�+
bc → �+ω − 1√

6
(2a1 − a2 − a3 − 2a4 + a5 + a6) VubV ∗

cs �+
bc → �0ρ+ − 1√

2
(a2 + a3 − a5 − a6) VubV ∗

cs

�+
bc → �0K ∗+ 1√

2
(a1 + a4 − 2a6) VubV ∗

cd �+
bc → pρ0 1√

2
(a1 − a2 − a3 − a4 + a5 + a6) VubV ∗

cd

�+
bc → pK̄ ∗0 − (a1 − a4) VubV ∗

cs �+
bc → pω − 1√

6
(a1 + a2 + a3 − a4 − a5 − a6) VubV ∗

cd

�+
bc → nρ+ (a1 − a2 − a3 + a4 + a5 − a6) VubV ∗

cd �+
bc → �0K ∗+ − (a1 − a2 − a3 + a4 + a5 − a6) VubV ∗

cs

�0
bc → �0ρ0 1

2
√

3
(2a1 − a2 − a3 + 2a4 + a5 − 3a6) VubV ∗

cs �0
bc → �0K ∗0 − 1√

6
(a1 − 2a2 − 2a3 − a4 − 2a5) VubV ∗

cd

�0
bc → �0ω 1

6 (4a1 − 5a2 + a3 − 3a5 + 3a6) VubV ∗
cs �0

bc → �+ρ− (a3 − a6) VubV ∗
cs

�0
bc → �0ρ0 − 1

2 (a2 − a3 − a5 + a6) VubV ∗
cs �0

bc → �0K ∗0 − 1√
2

(a1 − a4 + 2a6) VubV ∗
cd

�0
bc → �0ω 1

2
√

3
(2a1 − a2 − a3 − 2a4 + a5 + a6) VubV ∗

cs �0
bc → �−ρ+ − (a2 − a5) VubV ∗

cs

�0
bc → �−K ∗+ (a1 + a4) VubV ∗

cd �0
bc → pρ− (a1 − a2 − a3 − a4 − a5 + a6) VubV ∗

cd

�0
bc → pK ∗− (a1 − a2 − a4 − a5) VubV ∗

cs �0
bc → nρ0 − 1√

2
(a1 − a2 − a3 + a4 − a5 − a6) VubV ∗

cd

�0
bc → nK̄ ∗0 − (a2 + a5) VubV ∗

cs �0
bc → nω − 1√

6
(a1 + a2 + a3 + a4 + a5 + a6) VubV ∗

cd

�0
bc → �−K ∗+ (a1 − a2 + a4 + a5) VubV ∗

cs �0
bc → �0K ∗0 (a3 + a6) VubV ∗

cs

�0
bc → �0ρ0 1√

3
(a4 − a5) VubV ∗

cd �0
bc → �0 K̄ ∗0 1√

6
(a1 + a2 + a3 − a4 + a5 + 3a6) VubV ∗

cs

�0
bc → �0ω 1

3 (a1 + a2 − 2a3) VubV ∗
cd �0

bc → �+ρ− − (a1 − a2 − a4 − a5) VubV ∗
cd

�0
bc → �+K ∗− − (a1 − a2 − a3 − a4 − a5 + a6) VubV ∗

cs �0
bc → �0ρ0 − (a1 − a2) VubV ∗

cd

�0
bc → �0 K̄ ∗0 1√

2
(a1 − a2 − a3 − a4 − a5 + a6) VubV ∗

cs �0
bc → �0ω − 1√

3
(a4 + a5 − 2a6) VubV ∗

cd

�0
bc → �−ρ+ − (a1 − a2 + a4 + a5) VubV ∗

cd �0
bc → pK ∗− − (a3 − a6) VubV ∗

cd

�0
bc → nK̄ ∗0 − (a3 + a6) VubV ∗

cd �0
bc → �−ρ+ − (a1 + a4) VubV ∗

cs

�0
bc → �−K ∗+ (a2 − a5) VubV ∗

cd �0
bc → �0ρ0 1√

2
(a1 + a4) VubV ∗

cs

�0
bc → �0K ∗0 (a2 + a5) VubV ∗

cd �0
bc → �0ω 1√

6
(a1 − 2a2 − 2a3 + a4 − 2a5 − 2a6) VubV ∗

cs

�+
bc → �+φ (a7 − a8) VubV ∗

cs �+
bc → pφ − (a7 − a8) VubV ∗

cd

�0
bc → �0φ 1√

6
(a7 + 3a8) VubV ∗

cs �0
bc → �0φ − 1√

2
(a7 − a8) VubV ∗

cs

�0
bc → nφ − (a7 + a8) VubV ∗

cd �0
bc → �0φ

√
2
3a7VubV ∗

cd

�0
bc → �0φ −√

2a8VubV ∗
cd �0

bc → �0φ (a7 + a8) VubV ∗
cs

�(�0
bc → �′0K 0) = 1

2
�(�0

bc → 	+π−),

�(�0
bc → �′0 K̄ 0) = 1

2
�(�0

bc → �′+K−),

�(�0
bc → �′+π−) = �(�0

bc → �′0K 0),

�(�0
bc → 	0 K̄ 0) = �(�0

bc → 	+K−),

�(�0
bc → �′+π−) = �(�0

bc → �′0K 0),

�(�+
bc → 	+η1) = �(�0

bc → 	0η1)

= √
2�(�0

bc → �′0η1),

�(�+
bc → �′+η1) = �(�0

bc → �′0η1)

= √
2�(�0

bc → �′0η1). (15)

And by replacing the pseudoscalar mesons into corre-
sponding vector counterparts, we can list the decay ampli-

tudes for these channels in Table 4 with the following rela-
tions for some of the decay widths:

�(�0
bc → �′−ρ+) = �(�0

bc → �′−K ∗+)

= �(�0
bc → �′−ρ+)

= 2�(�0
bc → �′0ρ0)

= 1

3
�(�0

bc → �−K ∗+),

�(�0
bc → �′−K ∗+) = �(�0

bc → �′−K ∗+)

= �(�0
bc → �′−ρ+)

= 1

3
�(�0

bc → 	−ρ+),

�(�+
bc → �′+K ∗0) = �(�0

bc → �′0K ∗0)

= �(�0
bc → �′+ρ−)
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= 1

3
�(�+

bc → 	++ρ−),

�(�+
bc → 	+ K̄ ∗0) = �(�0

bc → 	+K ∗−)

= �(�0
bc → 	0 K̄ ∗0)

= 1

3
�(�+

bc → 	++K ∗−),

�(�+
bc → �′+ρ0) = �(�+

bc → �′0ρ+)

= 1

2
�(�+

bc → �′0K ∗+),

�(�+
bc → �′0K ∗+) = 1

2
�(�+

bc → 	0ρ+),

�(�0
bc → �′0K ∗0) = 1

2
�(�0

bc → 	+ρ−),

�(�0
bc → �′0 K̄ ∗0) = 1

2
�(�0

bc → �′+K ∗−),

�(�0
bc → �′+ρ−) = �(�0

bc → �′0K ∗0),

�(�0
bc → 	0 K̄ ∗0) = �(�0

bc → 	+K ∗−),

�(�0
bc → �′+ρ−) = �(�0

bc → �′0K ∗0),

�(�+
bc → 	+φ) = �(�0

bc → 	0φ)

= √
2�(�0

bc → �′0φ),

�(�+
bc → �′+φ) = �(�0

bc → �′0φ)

= √
2�(�0

bc → �′0φ). (16)

4 Golden decay channels

Based on the previous results of decay amplitudes and rela-
tions of decay width, we will list the golden channels in this
section, according to the following conditions:

• CKM matrix elements: Note that the decay amplitudes in
previous analysis contain a overall CKM factor VubV ∗

cd or
VubV ∗

cs , in which the matrix element Vcd ∼ 0.2 is much
smaller than Vcs ∼ 1 [3,4]. Only the CKM allowed decay
channels for �bc and �bc will be considered.

• Mesons: In terms of the experimental observations, the
final neutral mesons, such like π0, η, φ, ρ± (decay into
π±π0), K ∗± (decay into K±π0) and ω (decays into
π+π−π0) are difficult to reconstruct at LHC, so the
decay modes related with these final state mesons will
be ignored.

• Baryons: For reconstructing the final state baryons, the
primary decay modes of them with corresponding frac-
tion are listed in Table 5 [3,4]. Similarly to above, by
throwing away whose final state contains neutral parti-
cles, �0, �0, �−, 	++, 	0, �′± and �′0 are all optional
candidates.

• Detection efficiency: By considering the particle detec-
tors in LHC, the detection efficiency of proton is higher

Table 5 Primary decay modes of light baryons

Decay modes (fractions)

�0 → pπ− (∼ 63.9%)
√

�+ → pπ0/nπ+ ×
�+ → nπ− ×
�0 → �0γ (∼ 100%) Suppressed

�0 → �0π0 ×
�− → �0π− (∼ 99.9%) Suppressed

	++ → pπ+ (∼ 99.4%)
√

	+ → pπ0/nπ+ ×
	0 → pπ− (∼ 99.4%)

√
�′± → �0π± (∼ 87.0%) Suppressed

�′0 → �0π0(×)/�−π+ Suppressed

�′− → �−π0/�0π− ×
�− → �0K− (∼ 67.8%) Suppressed

Table 6 Allowed decay channels of �bc and �bc

Channel

�+
bc → �0π+ �+

bc → �0π+ �+
bc → pK̄ 0 �0

bc → pK−

�0
bc → �−K+ �+

bc → pK̄ ∗0 �0
bc → �0ρ0 �0

bc → �0ρ0

�+
bc → 	++K− �+

bc → �′0K+ �0
bc → 	0 K̄ 0 �0

bc → �′+π−

�0
bc → �′−π+ �0

bc → �′0K 0 �+
bc → �′+ρ0 �0

bc → 	0 K̄ ∗0

�0
bc → �′0K ∗0

�0
bc → �0 K̄ 0 �0

bc → �0 K̄ 0 �0
bc → �−π+ �0

bc → �0 K̄ ∗0

�0
bc → �0 K̄ ∗0 �0

bc → �′+K− �0
bc → �−K+ �0

bc → �′0ρ0

than charged pion, and charged pion is higher than pho-
ton. And for the cascade decays, with the numbers of final
state particles increasing, the detection efficiency of the
detectors will necessarily decline. Moreover, the multi-
body phase space will be suppressed with the increase of
final state particles.

To sum up, by considering the above factors, we list the
all allowed decay channels of �bc and �bc (include the sup-
pressed ones) in Table 6. Among these channels, �bc → pK
or �bc → 	K → pπK might be used for searching �bc,
and �bc → �0K might be used to search for �bc at LHC.

5 Conclusions

In this work, I analysed the non-leptonic weak decays of
doubly heavy baryons �bc and �bc under the flavor SU (3)

symmetry. Based on a series of previous achievements, I stud-
ied the W -exchange diagrams, which mainly contribute to
the decay modes of final states are light baryon and light
meson. These modes would be helpful to search for �bc
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and �bc in the experiments. In the flavor SU (3) symmetry
approach, decay amplitudes for various decay channels can
be parametrized as the sum of a series of SU (3) irreducible
amplitudes. And based on this, a number of relations or sum
rules between the decay width have been presented, which
can be examined by the future experimental measurements
in LHC, Belle II or CEPC. Several decay channels have been
listed such like �bc → pK , �bc → 	K → pπK and
�bc → �0K , which might be helpful to search for �bc and
�bc especially at LHC, since their branching fractions are
sizeable, and the productions are easily to identify.

Acknowledgements I am grateful to Pro. Cai-Dian Lu, Prof. Wei Wang
and Ji Xu for the inspirations and helpful discussions, and thank the
hospitality from Prof. Wei Wang at Shanghai Jiao Tong University,
where this work was finalized. This work is supported by National
Natural Science Foundation of China under Grant nos. 11621131001
and 11521505.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.
Funded by SCOAP3.

References

1. M. Gell-Mann, Phys. Rev. 125, 1067 (1962). https://doi.org/10.
1103/PhysRev.125.1067

2. M. Gell-Mann, Phys. Lett. 8, 214 (1964). https://doi.org/10.1016/
S0031-9163(64)92001-3

3. C. Patrignani et al. (Particle Data Group), Chin. Phys. C 40(10),
100001 (2016). https://doi.org/10.1088/1674-1137/40/10/100001

4. M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98(3),
030001 (2018). https://doi.org/10.1103/PhysRevD.98.030001

5. M. Mattson et al. (SELEX Collaboration), Phys. Rev. Lett. 89,
112001 (2002). https://doi.org/10.1103/PhysRevLett.89.112001.
arXiv:hep-ex/0208014

6. A. Ocherashvili et al. (SELEX Collaboration), Phys. Lett. B
628, 18 (2005). https://doi.org/10.1016/j.physletb.2005.09.043.
arXiv:hep-ex/0406033

7. Y. Kato et al. (Belle Collaboration), Phys. Rev. D 89(5),
052003 (2014). https://doi.org/10.1103/PhysRevD.89.052003.
arXiv:1312.1026 [hep-ex]

8. R. Aaij et al. (LHCb Collaboration), JHEP 1312, 090 (2013).
https://doi.org/10.1007/JHEP12(2013)090. arXiv:1310.2538
[hep-ex]

9. B. Aubert et al. (BaBar Collaboration), Phys. Rev. D
74, 011103 (2006). https://doi.org/10.1103/PhysRevD.74.011103.
arXiv:hep-ex/0605075

10. M.T. Traill (LHCb Collaboration), PoS Hadron 2017, 067 (2018).
https://doi.org/10.22323/1.310.0067

11. R.H. Li, C.D. Lu, arXiv:1805.09064 [hep-ph]
12. A. Ali, Q. Qin, W. Wang, Phys. Lett. B 785, 605 (2018). https://doi.

org/10.1016/j.physletb.2018.09.018. arXiv:1806.09288 [hep-ph]
13. A. Ali, A.Y. Parkhomenko, Q. Qin, W. Wang, Phys. Lett. B

782, 412 (2018). https://doi.org/10.1016/j.physletb.2018.05.055.
arXiv:1805.02535 [hep-ph]

14. R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 119(11),
112001 (2017). https://doi.org/10.1103/PhysRevLett.119.112001.
arXiv:1707.01621 [hep-ex]

15. Y. Fu-Sheng, X.X. Wang, C.D. Lu, Phys. Rev. D 84,
074019 (2011). https://doi.org/10.1103/PhysRevD.84.074019.
arXiv:1101.4714 [hep-ph]

16. H.N. Li, C.D. Lü, Q. Qin, F.S. Yu, Phys. Rev. D 89(5),
054006 (2014). https://doi.org/10.1103/PhysRevD.89.054006.
arXiv:1305.7021 [hep-ph]

17. S.H. Zhou, Y.B. Wei, Q. Qin, Y. Li, F.S. Yu, C.D. Lu, Phys.
Rev. D 92(9), 094016 (2015). https://doi.org/10.1103/PhysRevD.
92.094016. arXiv:1509.04060 [hep-ph]

18. S.H. Zhou, Q.A. Zhang, W.R. Lyu, C.D. Lü, Eur. Phys. J. C 77(2),
125 (2017). https://doi.org/10.1140/epjc/s10052-017-4685-0.
arXiv:1608.02819 [hep-ph]

19. C. Wang, Q.A. Zhang, Y. Li, C.D. Lu, Eur. Phys. J. C 77(5),
333 (2017). https://doi.org/10.1140/epjc/s10052-017-4889-3.
arXiv:1701.01300 [hep-ph]

20. R.H. Li, C.D. Lü, W. Wang, F.S. Yu, Z.T. Zou, Phys. Lett. B
767, 232 (2017). https://doi.org/10.1016/j.physletb.2017.02.003.
arXiv:1701.03284 [hep-ph]

21. C.D. Lü, W. Wang, F.S. Yu, Phys. Rev. D 93(5), 056008 (2016).
https://doi.org/10.1103/PhysRevD.93.056008. arXiv:1601.04241
[hep-ph]

22. W. Wang, Z.P. Xing, J. Xu, Eur. Phys. J. C 77(11), 800
(2017). https://doi.org/10.1140/epjc/s10052-017-5363-y.
arXiv:1707.06570 [hep-ph]

23. C.Q. Geng, Y.K. Hsiao, C.W. Liu, T.H. Tsai, JHEP 1711,
147 (2017). https://doi.org/10.1007/JHEP11(2017)147.
arXiv:1709.00808 [hep-ph]

24. W. Wang, R.L. Zhu, Phys. Rev. D 96(1), 014024 (2017). https://doi.
org/10.1103/PhysRevD.96.014024. arXiv:1704.00179 [hep-ph]

25. C.Q. Geng, Y.K. Hsiao, C.W. Liu, T.H. Tsai, Phys. Rev.
D 97(7), 073006 (2018). https://doi.org/10.1103/PhysRevD.97.
073006. arXiv:1801.03276 [hep-ph]

26. H.Y. Cheng, X.W. Kang, F. Xu, Phys. Rev. D 97(7), 074028 (2018).
https://doi.org/10.1103/PhysRevD.97.074028. arXiv:1801.08625
[hep-ph]

27. L.J. Jiang, B. He, R.H. Li, Eur. Phys. J. C78, 961 (2018). https://doi.
org/10.1140/epjc/s10052-018-6445-1. arXiv:1810.00541 [hep-
ph]

28. C.Q. Geng, Y.K. Hsiao, C.W. Liu, T.H. Tsai, Eur. Phys. J. C 78(7),
593 (2018). https://doi.org/10.1140/epjc/s10052-018-6075-7.
arXiv:1804.01666 [hep-ph]

29. Y. Xing, R. Zhu, Phys. Rev. D 98(5), 053005 (2018). https://doi.
org/10.1103/PhysRevD.98.053005. arXiv:1806.01659 [hep-ph]

30. R. Zhu, X.L. Han, Y. Ma, Z.J. Xiao, Eur. Phys. J. C
78, 740 (2018). https://doi.org/10.1140/epjc/s10052-018-6214-1.
arXiv:1806.06388 [hep-ph]

31. W. Wang, F.S. Yu, Z.X. Zhao, Eur. Phys. J. C 77(11), 781
(2017). https://doi.org/10.1140/epjc/s10052-017-5360-1.
arXiv:1707.02834 [hep-ph]

32. F.S. Yu, H.Y. Jiang, R.H. Li, C.D. Lü, W. Wang, Z.X. Zhao, Chin.
Phys. C 42(5), 051001 (2018). https://doi.org/10.1088/1674-1137/
42/5/051001. arXiv:1703.09086 [hep-ph]

33. H.Y. Jiang, F.S. Yu, Eur. Phys. J. C 78(3), 224 (2018). https://doi.
org/10.1140/epjc/s10052-018-5704-5. arXiv:1802.02948 [hep-
ph]

34. X.G. He, Y.J. Shi, W. Wang. arXiv:1811.03480 [hep-ph]
35. M. Beneke, G. Buchalla, M. Neubert, C.T. Sachrajda, Phys. Rev.

Lett. 83, 1914 (1999). https://doi.org/10.1103/PhysRevLett.83.
1914. arXiv:hep-ph/9905312

36. M. Beneke, T. Feldmann, Nucl. Phys. B 685, 249 (2004). https://
doi.org/10.1016/j.nuclphysb.2004.02.033. arXiv:hep-ph/0311335

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1103/PhysRev.125.1067
https://doi.org/10.1103/PhysRev.125.1067
https://doi.org/10.1016/S0031-9163(64)92001-3
https://doi.org/10.1016/S0031-9163(64)92001-3
https://doi.org/10.1088/1674-1137/40/10/100001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevLett.89.112001
http://arxiv.org/abs/hep-ex/0208014
https://doi.org/10.1016/j.physletb.2005.09.043
http://arxiv.org/abs/hep-ex/0406033
https://doi.org/10.1103/PhysRevD.89.052003
http://arxiv.org/abs/1312.1026
https://doi.org/10.1007/JHEP12(2013)090
http://arxiv.org/abs/1310.2538
https://doi.org/10.1103/PhysRevD.74.011103
http://arxiv.org/abs/hep-ex/0605075
https://doi.org/10.22323/1.310.0067
http://arxiv.org/abs/1805.09064
https://doi.org/10.1016/j.physletb.2018.09.018
https://doi.org/10.1016/j.physletb.2018.09.018
http://arxiv.org/abs/1806.09288
https://doi.org/10.1016/j.physletb.2018.05.055
http://arxiv.org/abs/1805.02535
https://doi.org/10.1103/PhysRevLett.119.112001
http://arxiv.org/abs/1707.01621
https://doi.org/10.1103/PhysRevD.84.074019
http://arxiv.org/abs/1101.4714
https://doi.org/10.1103/PhysRevD.89.054006
http://arxiv.org/abs/1305.7021
https://doi.org/10.1103/PhysRevD.92.094016
https://doi.org/10.1103/PhysRevD.92.094016
http://arxiv.org/abs/1509.04060
https://doi.org/10.1140/epjc/s10052-017-4685-0
http://arxiv.org/abs/1608.02819
https://doi.org/10.1140/epjc/s10052-017-4889-3
http://arxiv.org/abs/1701.01300
https://doi.org/10.1016/j.physletb.2017.02.003
http://arxiv.org/abs/1701.03284
https://doi.org/10.1103/PhysRevD.93.056008
http://arxiv.org/abs/1601.04241
https://doi.org/10.1140/epjc/s10052-017-5363-y
http://arxiv.org/abs/1707.06570
https://doi.org/10.1007/JHEP11(2017)147
http://arxiv.org/abs/1709.00808
https://doi.org/10.1103/PhysRevD.96.014024
https://doi.org/10.1103/PhysRevD.96.014024
http://arxiv.org/abs/1704.00179
https://doi.org/10.1103/PhysRevD.97.073006
https://doi.org/10.1103/PhysRevD.97.073006
http://arxiv.org/abs/1801.03276
https://doi.org/10.1103/PhysRevD.97.074028
http://arxiv.org/abs/1801.08625
https://doi.org/10.1140/epjc/s10052-018-6445-1
https://doi.org/10.1140/epjc/s10052-018-6445-1
http://arxiv.org/abs/1810.00541
https://doi.org/10.1140/epjc/s10052-018-6075-7
http://arxiv.org/abs/1804.01666
https://doi.org/10.1103/PhysRevD.98.053005
https://doi.org/10.1103/PhysRevD.98.053005
http://arxiv.org/abs/1806.01659
https://doi.org/10.1140/epjc/s10052-018-6214-1
http://arxiv.org/abs/1806.06388
https://doi.org/10.1140/epjc/s10052-017-5360-1
http://arxiv.org/abs/1707.02834
https://doi.org/10.1088/1674-1137/42/5/051001
https://doi.org/10.1088/1674-1137/42/5/051001
http://arxiv.org/abs/1703.09086
https://doi.org/10.1140/epjc/s10052-018-5704-5
https://doi.org/10.1140/epjc/s10052-018-5704-5
http://arxiv.org/abs/1802.02948
http://arxiv.org/abs/1811.03480
https://doi.org/10.1103/PhysRevLett.83.1914
https://doi.org/10.1103/PhysRevLett.83.1914
http://arxiv.org/abs/hep-ph/9905312
https://doi.org/10.1016/j.nuclphysb.2004.02.033
https://doi.org/10.1016/j.nuclphysb.2004.02.033
http://arxiv.org/abs/hep-ph/0311335


1024 Page 10 of 10 Eur. Phys. J. C (2018) 78 :1024

37. C.W. Bauer, S. Fleming, D. Pirjol, I.W. Stewart, Phys. Rev. D
63, 114020 (2001). https://doi.org/10.1103/PhysRevD.63.114020.
arXiv:hep-ph/0011336

38. Y.Y. Keum, H.N. Li, A.I. Sanda, Phys. Lett. B 504, 6 (2001). https://
doi.org/10.1016/S0370-2693(01)00247-7. arXiv:hep-ph/0004004

39. Y.Y. Keum, H.N. Li, A.I. Sanda, Phys. Rev. D 63,
054008 (2001). https://doi.org/10.1103/PhysRevD.63.054008.
arXiv:hep-ph/0004173

40. C.D. Lu, K. Ukai, M.Z. Yang, Phys. Rev. D 63, 074009
(2001). https://doi.org/10.1103/PhysRevD.63.074009.
arXiv:hep-ph/0004213

41. C.D. Lu, M.Z. Yang, Eur. Phys. J. C 23, 275 (2002). https://doi.
org/10.1007/s100520100878. arXiv:hep-ph/0011238

42. T. Kurimoto, H.N. Li, A.I. Sanda, Phys. Rev. D 65,
014007 (2002). https://doi.org/10.1103/PhysRevD.65.014007.
arXiv:hep-ph/0105003

43. W. Wang, Phys. Lett. B 708, 119 (2012). https://doi.org/10.1016/
j.physletb.2012.01.036. arXiv:1112.0237 [hep-ph]

44. T. Mannel, Y.M. Wang, JHEP 1112, 067 (2011). https://doi.org/
10.1007/JHEP12(2011)067. arXiv:1111.1849 [hep-ph]

45. T. Feldmann, M.W.Y. Yip, Phys. Rev. D 85, 014035 (2012). https://
doi.org/10.1103/PhysRevD.85.014035. arXiv:1111.1844 [hep-ph]
[Erratum: Phys. Rev. D86, 079901 (2012). https://doi.org/10.1103/
physrevd.86.079901]

46. A. Ali, C. Hambrock, A.Y. Parkhomenko, W. Wang, Eur.
Phys. J. C 73(2), 2302 (2013). https://doi.org/10.1140/epjc/
s10052-013-2302-4. arXiv:1212.3280 [hep-ph]

47. W. Detmold, C.-J.D. Lin, S. Meinel, M. Wingate, Phys. Rev.
D 87(7), 074502 (2013). https://doi.org/10.1103/PhysRevD.87.
074502. arXiv:1212.4827 [hep-lat]

48. G. Bell, T. Feldmann, Y.M. Wang, M.W.Y. Yip, JHEP
1311, 191 (2013). https://doi.org/10.1007/JHEP11(2013)191.
arXiv:1308.6114 [hep-ph]

49. Q. Qin, H.N. Li, C.D. Lü, F.S. Yu, Int. J. Mod. Phys. Conf. Ser. 29,
1460209 (2014). https://doi.org/10.1142/S2010194514602099

50. Q. Qin, Z.T. Zou, X. Yu, H.N. Li, C.D. Lü, Phys. Lett. B
732, 36 (2014). https://doi.org/10.1016/j.physletb.2014.03.004.
arXiv:1401.1028 [hep-ph]

51. Y.M. Wang, Y.L. Shen, JHEP 1602, 179 (2016). https://doi.org/10.
1007/JHEP02(2016)179. arXiv:1511.09036 [hep-ph]

52. Y.M. Wang, Y.L. Shen, C.D. Lu, Phys. Rev. D 80, 074012 (2009).
https://doi.org/10.1103/PhysRevD.80.074012. arXiv:0907.4008
[hep-ph]

53. C.D. Lu, Y.M. Wang, H. Zou, A. Ali, G. Kramer, Phys. Rev. D
80, 034011 (2009). https://doi.org/10.1103/PhysRevD.80.034011.
arXiv:0906.1479 [hep-ph]

54. R. Dhir, N. Sharma, Eur. Phys. J. C 78(9), 743 (2018). https://doi.
org/10.1140/epjc/s10052-018-6220-3

55. C.D. Lü, W. Wang, Y. Xing, Q.A. Zhang, Phys. Rev. D
97(11), 114016 (2018). https://doi.org/10.1103/PhysRevD.97.
114016. arXiv:1802.09718 [hep-ph]

56. Z.X. Zhao, Chin. Phys. C 42(9), 093101 (2018). https://doi.org/10.
1088/1674-1137/42/9/093101. arXiv:1803.02292 [hep-ph]

57. J. Zhu, Z.T. Wei, H.W. Ke. arXiv:1803.01297 [hep-ph]
58. N. Sharma, R. Dhir, Phys. Rev. D 96(11), 113006 (2017). https://

doi.org/10.1103/PhysRevD.96.113006. arXiv:1709.08217 [hep-
ph]

59. Y.J. Shi, W. Wang, Y. Xing, J. Xu, Eur. Phys. J. C 78(1),
56 (2018). https://doi.org/10.1140/epjc/s10052-018-5532-7.
arXiv:1712.03830 [hep-ph]

60. W. Wang, J. Xu, Phys. Rev. D 97(9), 093007 (2018). https://doi.
org/10.1103/PhysRevD.97.093007. arXiv:1803.01476 [hep-ph]

61. Y.Q. Chen, S.Z. Wu, JHEP 1108, 144 (2011). https://
doi.org/10.1007/JHEP08(2011)144. arXiv:1106.0193 [hep-ph]
[Erratum: JHEP 1109, 089 (2011). https://doi.org/10.1007/
JHEP09(2011)089]

62. M.A. Gomshi Nobary, R. Sepahvand, Phys. Rev. D 71,
034024 (2005). https://doi.org/10.1103/PhysRevD.71.034024.
arXiv:hep-ph/0406148

63. J.M. Flynn, E. Hernandez, J. Nieves, Phys. Rev. D 85,
014012 (2012). https://doi.org/10.1103/PhysRevD.85.014012.
arXiv:1110.2962 [hep-ph]

123

https://doi.org/10.1103/PhysRevD.63.114020
http://arxiv.org/abs/hep-ph/0011336
https://doi.org/10.1016/S0370-2693(01)00247-7
https://doi.org/10.1016/S0370-2693(01)00247-7
http://arxiv.org/abs/hep-ph/0004004
https://doi.org/10.1103/PhysRevD.63.054008
http://arxiv.org/abs/hep-ph/0004173
https://doi.org/10.1103/PhysRevD.63.074009
http://arxiv.org/abs/hep-ph/0004213
https://doi.org/10.1007/s100520100878
https://doi.org/10.1007/s100520100878
http://arxiv.org/abs/hep-ph/0011238
https://doi.org/10.1103/PhysRevD.65.014007
http://arxiv.org/abs/hep-ph/0105003
https://doi.org/10.1016/j.physletb.2012.01.036
https://doi.org/10.1016/j.physletb.2012.01.036
http://arxiv.org/abs/1112.0237
https://doi.org/10.1007/JHEP12(2011)067
https://doi.org/10.1007/JHEP12(2011)067
http://arxiv.org/abs/1111.1849
https://doi.org/10.1103/PhysRevD.85.014035
https://doi.org/10.1103/PhysRevD.85.014035
http://arxiv.org/abs/1111.1844
https://doi.org/10.1103/physrevd.86.079901
https://doi.org/10.1103/physrevd.86.079901
https://doi.org/10.1140/epjc/s10052-013-2302-4
https://doi.org/10.1140/epjc/s10052-013-2302-4
http://arxiv.org/abs/1212.3280
https://doi.org/10.1103/PhysRevD.87.074502
https://doi.org/10.1103/PhysRevD.87.074502
http://arxiv.org/abs/1212.4827
https://doi.org/10.1007/JHEP11(2013)191
http://arxiv.org/abs/1308.6114
https://doi.org/10.1142/S2010194514602099
https://doi.org/10.1016/j.physletb.2014.03.004
http://arxiv.org/abs/1401.1028
https://doi.org/10.1007/JHEP02(2016)179
https://doi.org/10.1007/JHEP02(2016)179
http://arxiv.org/abs/1511.09036
https://doi.org/10.1103/PhysRevD.80.074012
http://arxiv.org/abs/0907.4008
https://doi.org/10.1103/PhysRevD.80.034011
http://arxiv.org/abs/0906.1479
https://doi.org/10.1140/epjc/s10052-018-6220-3
https://doi.org/10.1140/epjc/s10052-018-6220-3
https://doi.org/10.1103/PhysRevD.97.114016
https://doi.org/10.1103/PhysRevD.97.114016
http://arxiv.org/abs/1802.09718
https://doi.org/10.1088/1674-1137/42/9/093101
https://doi.org/10.1088/1674-1137/42/9/093101
http://arxiv.org/abs/1803.02292
http://arxiv.org/abs/1803.01297
https://doi.org/10.1103/PhysRevD.96.113006
https://doi.org/10.1103/PhysRevD.96.113006
http://arxiv.org/abs/1709.08217
https://doi.org/10.1140/epjc/s10052-018-5532-7
http://arxiv.org/abs/1712.03830
https://doi.org/10.1103/PhysRevD.97.093007
https://doi.org/10.1103/PhysRevD.97.093007
http://arxiv.org/abs/1803.01476
https://doi.org/10.1007/JHEP08(2011)144
https://doi.org/10.1007/JHEP08(2011)144
http://arxiv.org/abs/1106.0193
https://doi.org/10.1007/JHEP09(2011)089
https://doi.org/10.1007/JHEP09(2011)089
https://doi.org/10.1103/PhysRevD.71.034024
http://arxiv.org/abs/hep-ph/0406148
https://doi.org/10.1103/PhysRevD.85.014012
http://arxiv.org/abs/1110.2962

	Weak decays of doubly heavy baryons: W-exchange
	Abstract 
	1 Introduction
	2 Particle multiples
	3 Non-leptonic Ξbc and Ωbc decays
	3.1 Decays into a light octet baryon and a light meson
	3.2 Decays into a light decuplet baryon and a light meson

	4 Golden decay channels
	5 Conclusions
	Acknowledgements
	References




